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(57) ABSTRACT 

In a liquid crystal display (1), a laterally arranged light 
coupling surface (2) permits the active illumination of the 
liquid crystal display (1) by a light source For this 
purpose, the liquid crystal display (1) has a light de?ecting 
element (7) Which de?ects the incident optical radiation in 
the direction of a liquid crystal cell The light polarized 
by means of a rear polarization ?lter (9) is re?ected at a rear, 
re?ective element (10) and de?ected into the liquid crystal 
cell The segmented display is therefore produced on a 
front side (14) of the liquid crystal display (1), provided With 
a front polarization ?lter (13). By contrast With known liquid 
crystal displays having a trans?ector, it is thereby possible 
substantially to reduce a possible color deviation and the 
limited readability associated thereWith. At the same time, 
the cost of production and the overall space required are 
substantially reduced. 

9 Claims, 1 Drawing Sheet 
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LIQUID CRYSTAL DISPLAY HAVING LIGHT 
DEFLECTING ELEMENT ON A SURFACE 
OF A SUBSTRATE, FACING THE LIQUID 

CRYSTAL CELL 

FIELD AND BACKGROUND OF THE 
INVENTION 

The invention relates to an illuminable liquid crystal 
display, in particular in a motor vehicle, having a front 
polarization ?lter, a rear polariZation ?lter and a liquid 
crystal cell, enclosed by means of tWo substrates respec 
tively connected to electrodes, and a re?ective element 
arranged behind the rear polariZation ?lter. 

Such a liquid crystal display is used in practice in order, 
on the one hand, to achieve a display in daytime operation 
by means of the incident ambient light (re?ective operation), 
and on the other hand to enable an active illumination in 
nighttime operation by means of a light source. For this 
purpose, as trans?ector the re?ective element has a settable 
transmission, With the result that the incident ambient light 
is re?ected but, at the same time, the light emanating from 
the light source—except for an unavoidable attenuation 
dependent on the transmission of the trans?ector—can be 
irradiated unimpeded from the rear side of the trans?ector. 
The possibility thus created of setting a desired brightness as 
a function of the ambient brightness by means of the light 
source also alWays ensures a brightness suf?cient for reading 
the liquid crystal display in conjunction even With a variable 
ambient brightness. 

HoWever, it has proved to be disadvantageous in the prior 
art described that a variation in the re?ective and/or trans 
missive properties of the re?ective element is simulta 
neously associated With a variation in the color spectrum 
too. This can give rise to color distortions Which impair the 
readability of the liquid crystal display. 

SUMMARY OF THE INVENTION 

The invention is therefore based on the problem of 
creating a liquid crystal display of the type mentioned at the 
beginning Which minimizes color distortions as a conse 
quence of sWitching from re?ective to trans?ective or trans 
missive operation of the liquid crystal display. In particular, 
the readability of the liquid crystal display is also to be 
improved in this case. 

This problem is solved according to the invention by 
virtue of the fact that the liquid crystal display has a light 
de?ecting element for redirecting in the direction of the 
liquid crystal cell light laterally incident in a light coupling 
surface of the liquid crystal display. As a result, in the case 
of active illumination the re?ective element Will not require 
a trans?ective property, since irradiated light from a light 
source need not pass through the re?ective element, and 
color distortions are thereby minimiZed. In this case, for the 
purpose of active illumination the light is fed, for example 
by means of an optical conductor, to the light coupling 
surface and redirected on the light de?ecting element such 
that just like the ambient light in daytime operation it is 
re?ected at the re?ective element, designed as a mirror, for 
example, and radiated into the liquid crystal cell. In this 
case, there is also at the same time a substantial reduction in 
the brightness losses associated With the use of a trans?ector. 
Furthermore, it is possible in this case to achieve a compact, 
in particular very ?at design in Which, in addition, it is also 
possible to dispense With an expensive control unit for the 
re?ective element. OWing to the compactness and loW 
Weight of the liquid crystal display according to the 
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2 
invention, the latter is suitable, in particular, for use in motor 
vehicles, since the aims of effective use of space and 
maximum Weight reduction are regarded as imperative, 
particularly With modern vehicles. 

The light de?ecting element and the light coupling surface 
can be arranged on a separate component Which is added 
depending on the individual requirements placed on the 
liquid crystal display. Another particularly favorable 
embodiment of the invention results, by contrast, When the 
light de?ecting element is arranged on a surface, facing the 
liquid crystal cell, of at least one of the tWo substrates. This 
eliminates an additional component, With the result that the 
overall space required can be further reduced. In this case, 
the substrate serves simultaneously as optical conductor for 
the optical radiation coupled in by means of the light 
coupling surface, and thus permits a smooth light distribu 
tion With uniform brightness. 

Aparticularly advantageous development of the invention 
results in this case by virtue of the fact that the light 
de?ecting element is arranged on a side of the rear polar 
iZation ?lter averted from a vieWer of the liquid crystal 
display. Consequently, the light is de?ected directly in the 
direction of the front side of the liquid crystal display, so that 
no redirection of the light on the re?ective elements is 
required in actively illuminated operation. The individual 
components of the liquid crystal display are passed by the 
coupled-in light only respectively in one direction in this 
case, thus permitting further reduction in possible brightness 
losses. 

A particularly advantageous re?nement of the invention 
results When one of the substrates has the light coupling 
surface, and When the light coupling surface is arranged on 
an end face of the substrate having the light coupling 
surface. In this case, the corresponding substrate simulta 
neously permits as an integral component on the one hand 
the coupling of additional optical radiation by means of the 
light coupling surface, and on the other hand the unhindered 
passage of the ambient brightness entering through the front 
side of the liquid crystal display. A substrate designed in 
such a Way can therefore be exchanged Without dif?culty for 
a conventional substrate and therefore does not require any 
expensive neW design. Further embodiments in Which both 
substrates are ?tted With corresponding light coupling sur 
faces and light de?ecting elements permit illumination of 
optionally different brightness, for example. 

Another particularly favorable development of the inven 
tion results When an end face of the liquid crystal display 
opposite the light coupling surface is provided With a 
re?ector. Consequently, brightness losses oWing to the 
uncontrolled escape of the coupled-in light at a side averted 
from the light coupling surface can be prevented. Such a 
mirror surface, designed as a coating, for example, therefore 
permits a further improvement in ef?ciency in the case of 
active illumination. Further lateral surfaces and also the edge 
surfaces projecting beyond a display surface of the liquid 
crystal display can additionally also be ?tted in this case 
With such a re?ector. 

A particular simple embodiment of the invention in this 
case is one in Which the light de?ecting element is designed 
as a structured surface. A light de?ecting element designed 
in such a Way essentially permits unchanged external dimen 
sions of the liquid crystal display. In this case, a structured 
surface designed, for example, as a microstructure simulta 
neously prevents local differences in brightness and there 
fore leads to a readability that is further improved. The 
structured surface can also be designed for this purpose as a 
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texture or lens structure, for example, and be arranged both 
on the surface and in the interior of a transparent element. 
By means of an optical conductor, it is possible to radiate 

into the light coupling surface comparatively bright ambient 
light Which is not directly accessible to the liquid crystal 
display, or the light of independent illuminating units. A 
particularly advantageous development of the invention is, 
by contrast, also provided When the liquid crystal display has 
a light source radiating into the light coupling surface. Such 
a light source permits the required intensity of illumination 
to be adapted optimally in accordance With the respectively 
prevailing operating conditions. For this purpose, the light 
source can, for example, also be electronically dimmable, in 
order thus to permit a smooth transition betWeen passive 
illumination by means of ambient brightness and active 
illumination by means of the light source. 
A particularly Well suited development of the invention 

results in this case by virtue of the fact that the light source 
is a discharge lamp. Because of its strong brightness in 
simultaneous conjunction With comparatively loW thermal 
emission, the discharge lamp permits a readability even in 
the case of negative display of the liquid crystal display in 
Which the driven segments appear in bright relief against the 
otherWise dark background. 
By contrast, another advantageous development of the 

invention is achieved When the light source has a light 
emitting diode (LED). OWing to the loW poWer consumption 
and the longevity of a liquid crystal display of such design, 
it is also possible to use it aWay from the permanent line 
supply. Use is possible in this case, for example, With 
portable units and units operated by battery or rechargeable 
battery. The light-emitting diode (LED) is suitable in this 
case chie?y for positive display, in Which the driven seg 
ments are displayed as darkened surfaces on the otherWise 
brightly illuminated background. 

In accordance With another advantageous development of 
the invention, the color distortions of the liquid crystal 
display as a consequence of the sWitching from re?ective to 
trans?ective or transmissive operation can be virtually com 
pletely excluded in Wide limits When the color spectrum of 
the light source is adapted to the color spectrum of the 
incident light falling into the liquid crystal display. Since the 
color spectrum of the incident light, Which usually concerns 
ambient brightness (that is to say sunlight), can vary as a 
function of season and time of day, for example, it is not 
possible under all conditions to ensure With the aid of a light 
source having a ?xed color spectrum that there is an iden 
tical correspondence betWeen its color spectrum and that of 
the incident light. It Would be possible to provide a remedy 
here by providing that the color spectrum of the light source 
can be set, but this is very complicated and cost intensive. 
HoWever, it is possible to assume an average color spectrum, 
constant Within Wide limits, of the incident light, With the 
result that the color distortions can be excluded for virtually 
all relevant applications in the event of adaptation of the 
light source thereto. 

In accordance With another development of the invention, 
it is also particularly advantageous When a spectral ?lter is 
arranged upstream of the front polariZation ?lter and/or 
betWeen the light source and the light coupling surface. The 
color spectrum of the incident light and/or of the light source 
is thereby established in a simple Way, and color distortions 
of the display are thereby reliably excluded. 

The invention permits various embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

One of these embodiments is represented in the sole ?gure 
of the draWing for the purpose of further illustrating the 
basic principle of the invention, and is described beloW. 
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4 
DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The draWing shoWs a side vieW of the liquid crystal 
display 1 installed in an instrument panel (not illustrated 
further here) or center console of a motor vehicle. The liquid 
crystal display 1 has a light source 3 Which radiates laterally 
into a light coupling surface 2 and Which permits active 
illumination for displays of the liquid crystal display 1 in 
conjunction With inadequate ambient light. For this purpose, 
the light emanating from the light source 3 ?rstly strikes a 
substrate 4, Which is designed as an optical conductor and is 
provided With a light de?ecting element 7 on its surface 6 
facing a liquid crystal cell 5. This light de?ecting element 7 
designed as a microstructure element de?ects the incident 
light, Which subsequently ?rstly falls through a further, rear 
substrate 8 and a rear polariZation ?lter 9. The light is 
re?ected at a re?ective element 10 arranged behind the rear 
polariZation ?lter 9 and subsequently radiates in the reverse 
direction as polariZed light into the liquid crystal cell 5. TWo 
electrodes 11, 12 respectively connected to the tWo sub 
strates 4, 8 permit liquid crystal molecules (not illustrated) 
to be orientated in accordance With the principle, knoWn per 
se, of applying electric voltage and, by means of a front 
polariZation ?lter 13 on a front side 14 of the liquid crystal 
display 1, depending on the driving mode these molecules 
thus permit a visible, bright or opaque display of a respective 
segment to become recogniZable. In order to keep the 
brightness losses of the light source 3 Which radiates into the 
light coupling surface 2 and is designed as a discharge lamp 
as loW as possible, an end face 15 of the substrate 4 is 
provided With a re?ector 16 Which prevents the undesired 
escape of the light. As a result, by contrast With a knoWn 
trans?ective operation the overall height of the liquid crystal 
display 1 is substantially reduced, on the one hand, and on 
the other hand color distortions Which are unavoidable When 
a trans?ector is used are virtually excluded. 

It is further to be seen from the draWing that in this 
exemplary embodiment a spectral ?lter 17, also denoted as 
a Wavelength ?lter, is arranged upstream of the front polar 
iZation ?lter 13, that is to say on the side of the liquid crystal 
display 1 facing a vieWer. Incident light 19, illustrated 
symbolically by three arroWs, Which falls into the liquid 
crystal display 1 and is usually formed by ambient 
brightness, thereby penetrates the spectral ?lter 17. Also 
arranged betWeen the light source 3 and the light coupling 
surface 2 is a further spectral ?lter 18 Which is penetrated by 
the light emitted by the light source 3. The spectral ?lters 17, 
18 tune the color spectra of the incident light 19 and the light 
source 3 to one another such that no color distortions of any 
sort occur, irrespective of Whether the incident light 19 or the 
light source 3 is used for display purposes on the liquid 
crystal display 1. 
What is claimed is: 
1. An illuminable liquid crystal display having a front 

polariZation ?lter, a rear polariZation ?lter and a liquid 
crystal cell, enclosed by means of tWo substrates respec 
tively connected to electrodes, and a re?ective element 
arranged behind the rear polariZation ?lter, Wherein the 
liquid crystal display (1) has a light de?ecting element (7) 
for redirecting in direction of the liquid crystal cell (5) light 
laterally incident in a light coupling surface (2) of the liquid 
crystal display (1), Wherein the light de?ecting element (7) 
is arranged on a surface (6), facing the liquid crystal cell (5), 
of at least one of said tWo substrates (4, 8). 

2. The liquid crystal display as claimed in claim 1, 
Wherein one of the substrates (4, 8) has said light coupling 
surface (2), and Wherein the light coupling surface (2) is 



US 6,396,552 B1 
5 6 

arranged on an end face (15) of the substrate (4, 8) having 7. The liquid crystal display as claimed in claim 5, 
the light coupling Surface ~ ~ _ Wherein said light source has a light-emitting diode (LED). 

3- The hquld Crystal dlsplay as Clalmed 1n Clalm 1, 8. The liquid crystal display as claimed in claim 5, 
Wherem an end face of the liquid Frystal _diSp1aY (1) Wherein the color spectrum of the light source (3) is adapted 
opposlte the hght Couphng Surface (2) 1S provlded Wlth a 5 to the color spectrum of the incident light (19) falling into 
re?ector (16) the liquid crystal display 

4. The liquid crystal display as claimed in claim 1, 9 Th 1, ,d 1' d, 1 1 _ d _ 1 _ 1 
Wherein the light de?ecting element (7) is formed as a ' _ e lqul crysta 15p ax as C alme m C alm ’ 

wherein a spectral ?lter (17; 18) is arranged upstream of the 
structured surface. _ _ _ 

5_ The liquid Crystal display as Claimed in Claim 1, 10 front polarization ?lter (13) and/or betWeen a light source 
(3) and the light coupling surface Wherein the liquid crystal display (1) has a light source (3) 

radiating into the light coupling surface 
6. The liquid crystal display as claimed in claim 5, 

Wherein said light source (3) is a discharge lamp. * * * * * 


